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ABSTRACT 

[tfetfsure^M^ hearfm^ 53 ™ 33 ' in^an®® 6 h/drostetic* Plain ' 

promoting expansion of "emricu lar v^fl h y lmp T 9 cardia0 Performance by 

hydrostatic pressure wimiMhevasLteturo^ dens, "«. s - 9" ,h e other hand 

of the typical location of the heart above the hvdnwtatic S!?J aC mle, . pressures because 
which pressure remains constant thmnnhsM.* JL os al ? |r >difference level (the level at 
responses of the body to changing h qrav^^^^ gravity). Additional physical 

performance. For instance, fluid shifts from?h|iowe?S ZShlT*™ '“I® 0 '***** 
may serve to increase central venous pressure cvK £17? JlZ ™ ln m crogravity 
The concurrent release of gravitational forre nn tho hk d b t 031x1,30 output (CO), 
girth and decrease pericardial^ | end t0 increase <*»* 

gravity on pulmona fy tissue may allow an ^unwarH f,ll,n 9- The lack of 

further decrease in pericardial pressure^ ^S^dSi £ ausin 9 a 

diuresis early in the fliaht interstitial finiH chitt^ , Additional effects include 

of abdominal mass, and redistribution of circufato^1mnp S H mal e ? ension and movement 
distention in the upper body and the collaose of 1 °® be ? ause of venous 

the cardiovascular responses to chanaes h intravinfnv? ! he J°'3' er bod y- ln this project, 
intravascular hydrostatic pressure and to a limiSw nt '? cu ! a f h y dr °static pressure, in 
pericardial hydrostatic pressure ! n Avascular and 

cardiovascular system was built and flown ab^the e ^!Alf^^^T de, °' ', he 
model was developed and tested in simulated ? bA r , KC -/ 35 and a computer 
models have confirmed that a simple lack oihvdmiat^' Resu,ts . obt ained with these 
ventricle causes a decrease in voke volume w^„ iL C P^^ore within an artificial 
in ventricular pressure associated with the C0 ?! >, Il e d wl,h *be acute increase 

vasculature and the resultant cephalad’fluid Si \h hydras ; ,a,ic Pressure within the 
however, stroke volume incrLsed inThe models 7™^°^" ,he upri 9 ht P° ai «°n. 
pressure in the computer model and in a simniirieH . pas an 0 a decreased pericardial 
volume. Physiologic regionaUluWshiLn w« i ! a ^ ydrau " c model in bf«ased stroke 
unifying paramete 9 r chaSS the^ ?hro7mec^^^^^^^ by ,he models ' The 

diastolic ventricular transmural pressureTnVAP^ThfT? ■ C ! rd,ac res P°nse was 
hydrostatic pressure in 0-G decreased DVApTnH^ ? lf ] atl0n of intraventricular 
of intravascular hydrostatic pressure increased ^v S A^?a e w 0 l Um lf , while the elimin ation 

g^on^rad^^ 

simulated by a drop in extraventricula^^ 

Methods 

vtSs ralneumatSfalS' & * ?[' ,999a l incorporated left and right 
(PVP), three systemic vascula?secUons (^^aHcPramrata^rauda^al^a pulmonary 


p“ flfesSnd pe?prer“ co P Sn a ,rA Xlmal ,; esistor - P™'"al compliance, 
introduced in oonniSB»^TS3!SK iSS^SS ^* °' in ® rtano ® * as al ®° 
compressed by a motorized I iSSon madefro m open-cell foam 

loaded piston moving inside a cylinder < 5 eaioH^ '-fh Ce U ?'^ mc orpo rated a coil spring- 
et al. 1997], Non-linear^ diaphragm [WoSlruff, 

pressure limits on the disZcement of.hS nk?^ by 1 *! ,h t lgh P ressur ® and low 
pool (PVP) consisted of a P spring*oaded M , Th ? Peripheral venous 

vessel pressure-volume relationship corresnnndim S i?] ed ,0 mln1ic #i® human blood 
1) collapsed, 2) partially filled eliotical and yes 1® crass sectional shapes of 

displacements due to S clrc . u ' ar and th ® bk>od volume 

computer model, whicKS An ex,ensiv ® 

compliance and inertance) was used i^iISSP ® le n>ents (lumped resistance, 
mock circulation units most closely approximate thlffn 0 * ! be ® le . men,s in IP® regional 

each set of ten parabolas. 9 Ch f 9ht day and a dlfferent cardiac output for 

branches off the main systemic tree 9 ThivenSlt ® , ® menls ^Presenting minor artery 
elastance. Added m0d6led wi,h «me-dependent 

non-linear compliance lumped DarameteTnf^n! s / s em| c venous system with 
and right atria. Energy losses ^ m .? nary clrcula,ion and Windkessel left 
desenbing flow from Uns,9ady Bemoulli equations 

The influence of hydrostatic pressure was inclijrtorita°fh S S ' ,st f mi< i arterial bifurcations, 
as in the systemic venous XmTralSo^^^^ response, as well 

equations of momentum and continuity modeieHthl^ quasi-one-dimensional unsteady 
equation, the tube law relating messl and »«^, 6aCh se 9 ment - A > hir d 
to describe arterial wall behavioUncWng « US9d 

Results and Discussion 

ttan«cl;Kc7ui^ A ft ,0 ,h ® ri 9 h ' th ® <=ardiac 

with decreasing gravity as noted bv the inveSinat 6 * alnal P r ? ssure [LAP)) was evident 

^^«±Thy a d^p£~^^^ 0 , 

than in the uprigh? P pos,ure. cSal 


posturS^ .0 model the launch 

large PVP compliance raised the HIL W, l?™ 1 "?. , ° °- a The 
pressures at the level of the heart in o n tw? 1IK above th heart ’ resuItm 9 fn drops in 
supine posture, because of thl miL a Phv*L P ^ n0m 2 non « was not evide "* the 
levels. The smaller compliance Zhe PVP oSS, 61 " for ' luid shifti "9 among G 
and 1.8-G in the launch posture wrs cleariv re ^ ! "? r ^ d< ? ion be,ween ' G 
AOP and AOQ (AOQ actually decreased sLhtM^th mcrea ses in LAP, 

in the upright posture, increases in LAP, AOP and ' 9htly be,ow the heart 

into weightlessness from 1-G. These chanaes hnwovB W ° U d be expected upon entry 
elimination of the beneficial effeSl of the IVHP in Zt ' moderated by the 
intraventricular hydrostatic pressure wa? thi , ! hes ® resu i Its * t appeared that the 
With entry into weightlessness, while LAP and AOclX^ sightly “ °" ly A ° P 1058 

4.1 mmHli^lt'^SroS sefpoint mlh^' T 1ft1 mmH 9 ^ <o 
favorably with measurements by Buckey compared 

pressure (CVP) dropped in three astronaut from ii ] ’ u found that central venous 
The lower CVP in 0-G in humans JSE IV?"? 9 ,n 1 ' G t0 1 8 ™Hg in 0-G. 

pressure due to unweighting of the thorax ° de ? re ? sed ,n trathoracic 

diastolic filling by decreasina extravpntrim aad abdornen . which acts to augment 
ventricular prossu, » and .therefore. increasing 

wavetormsTefembled ^ tose^theljuma^Ber Simu ' ated arterial pressure and flow 
gradients only in the suDerior/infarinr di~w- .Because the model included hydrostatic 
results in all postu^ SLJ P ,ne resul * for all G levels and 0 G 

ventricular volume and peak aoi?icpressurewS pressure peak left 

output for 0-G as compared to 1 -G standing teti.rJ d , the numer «cal model 

with the results for left ventricular prefsu eand anrttlmf ® res , ults are in agreement 
which increased in 0-G as compared to 1 G^tandi™ £ es 4 su * r ? forthe hydr aulic mode| . 
blood even though cardiac output decreased ^ th0 ca P ha,ad sh 'ftmg of 

computer model followed expected trends with shifts in the 
cephalic regions with entry into weightlessness. d # u,d Sh,ft,n9 ,nt0 the central and 

venous volum^fncrlL^dTn^-G 1 as compared tof-Gand W0,, ‘ I?2 St notab| y- ca^al 
cephalic and central regions Stroke voluma and ioe an< * ^ a ? shlfted from both the 
decreased in 0-G as compared to the 1-G la^h nn J Gntn S U ar end - dias fo | 'c pressure 
hydrostatic augmentation^ of diasto Mino ^ due t0 the absence of 
pressure) decreased in^ o -G as atrial 
hydraulic model and with human data [Buckey etal fgQfii consistent with the 

at this stage body structural interactions [Buckey ° th mode,s neg,ect 

expected. Fluid shifts footward decrease voS th,S decrea se was 

the right atrium [Watenpaugh and Hargens 1 995® d therefore P r ®ssure at the level of 


Conclusions 

biomechanical response to wei^lessness / e PP the dirart n0ti ° n that th8 purely 
and blood vessels to the elimination of response 01 th ® bead, blood 
changes In the cardiovascular system obse^rfn aXS t ,he many 0,h8r 

changes in cardiac fillina and flow and astronau ts. In these models, 

documented in the absence of shi « n 9 have 588,1 

neurohumoral influences The imDortant narama*^ 3 ^ 0 ? mechanisnr, s, including 
hydrostatic pressure on cardia^pE^^^^ of 

pressure increased DVAP and thprofnrL r^ waa UVA , P - Intraventncular hydrostatic 
absence in 0-G. The elimination ^ ? rdiac fil,in 9 re ^ed from its 
in the standing posture but decreased dvap t yd i raSta !! c pressure increased DVAP 
relative position of the heart io the orarturinl ,h aUnCh 50510,8 because of the 

Its pressure-volume relationship. The compflancls ’n bom mode '| 0mpl ' a !!? 8 rela,iv8 10 
may be designed to a wide variety of comnnn^V?^^ ^ are ad l us 'able and 
teck of data in humans for rnat2o 3SS ther8 is a 9eneral 

between rest and exercise conditions Measurement vanm,ons am °ng humans and 
needed to improve the accuracv nlLS n f of vascolar compliance are 
models for monitoring are plann8d in both 

intolerance can be priced 
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